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PURPOSE- Proliferative vitreoretinopathy (PVR) is characterized by the 
proliferation and migration of retinal pigment epithelial (RPE) and other 
cells into the vitreous cavity. The PVR membrane formation also is 
associated with collagen production by RPE. The authors examined the 
effect of a proline analog, cis-hydroxyproline (CHP) , 

on proliferation, collagen synthesis, attachment, and migration of bovine 
RPE in vitro. METHODS: The effect of CHP on cell proliferation was 
determined as a function of dosage and days in culture by counting the 
cell numbers on days 3, 6, and 9 . Collagen synthesis was determined by 
trichloroacetic acid precipitation of the radiolabeled samples before and 
after bacterial collagenase digestion. The attachment assay 
involved type I collagen or fibronectin substrates or both (2.5 
micrograms/well) . For migration experiments, RPE cells were removed from 
a defined area of a confluent culture, and migration was quant itated by 
counting the number of cells migrating into the denuded area over 30 
hours RESULTS: The addition of CHP inhibited RPE proliferation in both a 
dose- and a time -dependent manner; collagen synthesis, attachment, and 
migration also were inhibited by CHP in a dose -dependent manner. When the 
culture plates were coated with collagen, < 100 micrograms/ml of CHP had 
no effect on cell attachment. Higher doses of CHP resulted in mild 
inhibition of attachment on collagen-coated plates. Simultaneous addition 
of L-proline to the cultures resulted in blockade of these inhibitory 
effects on proliferation, collagen synthesis, attachment, and migration. 
CONCLUSIONS: The results show that RPE functions critical to the 
development of PVR are inhibited by CHP, suggesting the possibility that 
this drug may have potential clinical application. 
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ro-Hydroxyproline Inhibits Proliferation, Collagen 
Synthesis, Attachment, and Migration of Cultured Bovine 
Retinal Pigment Epithelial Cells 

Jin-Seong Yoo*\% Taiji Sakamoto*^ Christine Spee*i Hideya Kimura *f 
Michael S.Iiarris*i David R. Hinton.X EunDuck P. Kay*i and Stephen J. Ryan*f 

?u#os« Proliferative vitreoretinopathy. (PVR) i., characterized by the prohlrration and mi K .a- 
t.on,pf retmal p.gment epithelial (RPE) and other cells into the vi.reoiis cavity- The A'R ■-..< 
^n,.,,,.- formation also is associated With collagen production by RPE, The a.iihors exam- 
ned^ the effect of a prohne atulog. ^ 
synthesis, attachment, and migration or boxine RPE in vitro. 

Methods, The effect of CUP ,. n cell proliferation determined as a function of d„sa K e and 
d a)? , n culture by counting the cell numbers on days ». 6, and 0. O.llagen -.vmhesis w,s 

• '»a«?nal collagenase d.gostion. The attachment assay involved type I collagen : or K hrnnectiii -~ i s. " ' 
' ' Sfi'^H ° r r h (2 ^« /wd,) ^-igraUon experiment RPE cell.v were. r<viu.ve<l Ir,..! 3£ 

. of cells migrating into the denuded area over 30 hours. V^:*, T ; • , J 

manner; collagen synthes.s. attachment, and migration also uere inhibited by CMP iL dose- . - 
dependent manner When the chare plated were coated vvith collage*,: < 100 pg/nd of CHP 
hadnoeffea 

■ migratiot, .nh,b.,or> effects on proliferate, collagen synthesis, attaclunent. and ^ . 

• ? -V ^iSjjSSS 'Tjjp^. 1 * ' S * i T?'^-- «S? j4>^!** '"^i-ai ««, the devel,>p,„en,.<,. PVR a,v • 
. nh.bted bvCHP suggestmg the possibility^ this drug mav have ,M„en a. rlini, alappli, . ' 

tion. Invest Ophthalmol Ms Sri. 11197; 38:520- r»2« . ..... ..iiik.ii appiica 



Recent advances in vitreoretinal surgery have i in- 
proved the prognosis of rhegmatogenous retinal d* 
tachment, - but long-term success often is impeded 
by the development of proliferative vitreoretinopathy 
(PVR), a disease in which cellular membranes form 
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within the \itreous cavity and along the retinal sur- 
faces. Membrane formation and subseq: . hi ccin'trac^ 
tion can have a devastating effect on \ision; and this 
process is responsible for the majority of failures of 
retinal reattachment surgery. 4 -" A variety of drugs; 
ranging from antimetabolites to steroids, have been 
tested as potential therapeutic agenLs for the treat- 
ment of PVR; however, many of the more effective 
inhibitors of cellular proliierauon also have toxic side 
effects on the eye. 7 " 1 ' Thus far, only one of these 
agents, fluorouracil, har. been tested in patients. 1 " 

In a continuing search for a safe and effective 
antiproliferative dni 5 f or intraocular use, »c recently 
have evaluated a proline analog, a*hyd:oxyproline 
(CHP). Proline analogs are incorporated into poly- 
peptides, replacing the proline residues and altering 
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Effect of ^Hydroxyproline on Retinal Pig^nen, Epithelium 

the structure and function of the corresp nding poly- 
peptides. These analogs inhibit the production of pro- 
collagen on the post-translational level by preventing 
'he polypeptides from folding into a stable triple-hel* 
cal conformatjan.' 0 -'- The nonhelical polypeptides 
hen are read, y susceptible to proteolysis by intfacel- 
hilar enzyme*,™ " leading to reduced secretion and 
i «u u. P ° Sidon of "«™*""lar collagen fibers. 
In fibroblasts, the rate of translation of collagenous 
polypepudes and the preprocollagen messenger RNA 
activity ». not affected by the analogs. 80 Proline analogs 
fil m the 20 t dhe ' ence ™d proliferation of cultured 
fibroblasts 20 *' and the migration of epidermal and cul- 
tured endothelial cells.« « Published reports suggest 
that collagen production may be important in many 

%pp? ° C -" ^ havior - Retinal Panted epithelial 
(RPE) cells are capable of producing interstitial coHa- 
gens and may play a role in wound healing and in 
d.seases such as PVR."-* I n m, studyi we r< ? ^ 

! ' ;Sf- CtS ° f 3 Pr ° ,ine analo & ^hydroxypro- 
une (CHP). on the proliferation, collagen synthesis, 

attac , nm ^! and -migration of bovine RPE cells in cul- 
ture. . . " - ' . • • ■• 

MATERIALS AND METHODS 

Bovine eyes were obtained from a local abattoir and 
tn -vTO c ^ lls co "ected by a previously described 
meth od . Briefly, the eye was bisected and the ante- 
nor portion was removed, leaving the intact optic cup. 
After resection/of the retina, medium containing 0 1% 
trypsin;^ O.Q2%fethylenediaminetetraacetic acid 
(Sigma, St., Louis, MO) was instilled into the eye ciip 
and incubated for 10 minutes at 37°C; The medium 
and the dissociated cells therein were collected by gen- 
tle pipetting, seeded in six-well culture plates pre- 
viously coated with laminin (Collaborative Research 
Bedford, MA), and incubated with Dulbecco's modi- 
fied Eagle's medium (DMEM; Irvine Scientific, Santa 
Ana, CA) containing 10% fetal bovine serum (FBS 
Irvine Scientific), 100 ^g/ml streptomycin, and 100 
Mg/ml penicillin (DMEM-10). The cells were con- 
firmed to be RPE cells by their typical morphology 
and by their keratin positivity as shown by immunocy- 
tochemistry. 2 ™ All experiments conformed to the As- 
sociation for Research in Vision and Ophthalmology 
Resolution on the Use of Animals in Research 



Proliferation Assay 

The RPE cells (1 x lOVwell) were seeded on a 24- 
wcll plate. Cells were incubated in DMEM-10 for 24 
hours and allowed to attach to the well. Then the 
cells were incubated in DMEM-10 in the presence or 
absence of CHP (1, 10, 50, 100 /zg/ml, Sigma), with 
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or without the additi n of proline (200 ^g/ml). The 

for ^ 0 Ch r gC ^* ird ^^Lubati n 
tor 3, 6, or 9 days, the number of cells in each well 
was counted with a hemocytometer. Cell viability was 
assessed by trypan blue exclusion* All experiments 
were done ,n triplicate and repeated three times. 

'H-Thymidine Incorporation to Assess DNA 
Synthesis 

To determine the effect of CHP on DNA synthesis of 
RPE cells, a H-mymidihe uptake assay was performed 
m the presence or absence of CHP (0 1 10 100 
50.0, 100JO Mg/inl), with or without ^proline (200 
Mg/ml). The RPE cells <1.0 X I 0< cells/well) were 
™J£ °n ^ 24well culture plate and incubated with 
DMEM-10 for 24 hours.' Next,- : RPE cells were incu- 
medium ^«ntaining^various tbncentrations 
°' L " P T 1 " ° r With ° Ut ^ra'ine. After 24 hours. 0.5 
I** H-thymidine (Amersham. Arlington Heights. IL) 
was added to each . well. Cells then were further incu- 
bated for 20 hoars; after which the medium was re- 
moved. Next, 7% trichloroacetic acid (TCA) was 
• added for 30 minutes at 4^. then removed and dis- 
carded. .Finally. O^-M sodium hydroxide was added, 
for 20 minutes at room temperature, then collected 
^'^ ,ati6n teB «'* da «l tb lO^i s<:ihtiliaiion fluid 
(ICN Chemicals, Gosto Mesa, CA), and counted in a 
Beckman scintillation counter. Each experiment was 
done in quadruplicate and repeated three times. 



Collagen: Synthesis . 

Collagen synthesis'^ras determined using a modified 
version of the memod described by Diegelmann et al 
and Low et SL^the RPE cellsuWwere trypsiriued 1 
and suspended in DMEM-10 were seeded into the 
wells (3 X I0 4 cells/well) 6f24^ell culture plates: Five 
days after plating, confluent cells were treated for the 
first 24 hours; with 1-ml DMEM-10 containing appro- '»■ 
pnate concentrations of CHP (1. 10, 50, 75; 100 iig/ 
ml), with or without L-proline (200 ^g/ml). After ex- 
posure to CHP, the cells were pulsed with 1-ml DMEM 
containing 2% FBS, 40 /tQ/ml s H-proline (43 Ci/ 
mmol; Amersham, Arlington Heights, IL), 50 /tg/ml 
ascorbic acid, and various concentrations of CHP. The 
cells were incubated for 24 hours in 5% carbon diox* 
ide at 37°C. The pulse was terminated by heating the 
plate for 10 minutes at 90°C and sonicating for 30 
seconds per well at 40% power (Biosonik III, Rdchev 
ter, NY). One fifth of a milliliter of the cell homoge- 
nate was removed from each well for protein determi- 
nation using a dye-binding assay. 18 Total protein was 
precipitated with approximately 5% TCA, and washed 
five times by repeated centrifugation at 2000 rpm 
(Beckman Model J6-B, Palo Alto, CA), aspiration of 
the supernatant, and precipitation with 10% TCA in 
a 1-mM solution of cold ^proline (Sigma). Trichloro- 
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acetic acid was extracted bv addition of cold etha- 
nol:ethyl ether (3:1) after the last centrifugation. and 
the dried protein was incubated in 0.5 ml of an incuba- 
tion buffer containing 60-pmol Hepes buffer (pH 
7.2), 1.25 fimol N-ethylmaleimide, 0.25 M moI CaCl, 
for 4 hours in a shaking water bath (80 cycles/min) at 
37 C. Next, the protein suspensions were precipitated 
with 0.5 ml of a 5% TCA solution followed by 0.5 ml 
of a 10% TCA solution, and the supernatants were 
saved as the incubation blank. Total protein was again 
freed of TCA and dried. This was digested with 10 
vial units of bacterial collagenase form III (Advanced 
Biofractures, Lynbrook, NY) in 0,5-ml incubation 
buffer under the same conditions as described for the 
incubation blank. Using this collagenase, an incub* 
tion time of 4 hours was shown to be optimal > foil 
comp etercoih^u chgesUou."- Noncollagen protein 
(NCP) was precipitated in 5% and 10% TCA solution* 
and the supernatants were saved as the collagenase- 

Tna P r ° r tein (CDP) - The P e,,ete w ™ dissolved 
^?&7$r£* N S ° dium "Vdroxide followed bv I- 
, , m ! of0A,N hydrochloric acid and saved as thenoncoV 
lagen protein fraction. All manipulations after sonic# 
uon were performed at 4°C; Aliquote of each incubai 
tion blank, collagen fraction, and nonrollagerV fracS 
uon were, placed in scintillation Wals with. Read%' 
Protein schiUllation cocktail ^ICN Chemical. Cost* 
: Mesa, GA) in a 1 : 10 dilution and vortexed..Radioacti^ 
ity in each vial was counted for 1 minute using a Beck- 
man scintillation counter. For each well, percent colla^ 
gen synthesized relative to iotal prbteiniwas calculated 
by an equation similar to that used to assavxhick emf 
bryo collagen synthesis." f • ■ ..... ■ ; . ; . .•; . .'-.•../. .* 

%Crillageii .' ' 
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rauve Research, Bedford. MA). The proteins were dis- 
solved m Dulbecco-s phosphate buffered saline at 5 
mg/l. and each well was incubated with 0.5 nil of this 
solution lor 5 hours at room temperature. To deier- 
m.ne the effect of both collagen and ribronec.in the 
plate was incubated with 0.5 ml per well of each solu- 
tion. For attachment assays, confluent, third through 
fifth passage RPE cells were inoculated into 75<n, 
flasks in DMEM-10 with CHP (0 to 400 ng/ml) or /- 
proline (200 Mg / m l) or both for 24 hours. Cells were 

'ToTrlc" 11 sus P ended in medium supplemented 
with 2% FBS and the analog used at the same concen- 
trations as jn the preincubation. The cells: (1 X 10 / 
well) were seeded on the 24-weII tissue culture plate, 
and mcubated for 50. minutes; the wells were rinsed 
twice with Hank s balanced salt solution; and both 
rinses were 'combined. Trypsin (0,1%) was added to 
minimize cell clumping before these unattached cells * 
were counted using an electronic cell counter. The 
cells that remained attached to the wells were trypsin- 
■zed and.equnGed also. • . ;! ; .// ,,;n 
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cpm in CDP 



,(cpm in NCP x 4.4) + ( C pm in CDPl ^ 10 f 

The RPE cells produce a wide spectrum of collagen 
' n ^*ng u fibrillar collagehs (types I. III. V) fnd 
basement membrane collagens (type IV) ««*; however- 
me proportions of collagen rypes produced are no, 

SZ^f'^ ^ "'^present in a 
portion of analyzed protein substrate was determined 
on U,e has* of the foiling calculations: the Z of 
proline plus hydroxyproline in bovine collagen is £ 
proximately 22.4% of the amino acid r^iduet'whereS 
an average noncollagen protein contains approximate 
5J% prohne and hydroxyproline.- Therefore, bovine 
coUagen contain, approximately 4.4 times more proline 
and hydroxyproline than does noncollagen protein 

Attachment Assay 

JESS? ph " eS Were with 

human fibronectin or ra,-tail type I collagen (Collabo- 



Migration Assay ' ! . i-vrfyi^: / W 

The migration ^ ^ performed bV ourWv,ousiv 
^Obed method ivvjth only minor modificauons^ > 
W ^ E ; ce,ls ^ seeded into :20-mm,Weli diameter I 
:12^vell plates ^Corning Glass Works^Corning^NV) ^ ^ 
a density of 3 x 10< cells per well. The cells were 
grown to confluence; and 2 days later; theassav was- 
: performed* A -straightedge ^razor ^bladevivas .ised , tb^. 
wound the monolayer and denude two areas (10 X 5 
. i^eacb w^lI oPcd 

wounding, cultures were treated with prions conceh- 
^Uons ofCHP (0. |. 10. 50, 100 ^g/ml). with or 
without /^-proline (200 //g/ml), in DMEM-Io! Migt*- 
non was evalu^d.by quantitating migration of cells 
into a denuded area of the cultures. The cells' were 4 
washed four times with Hank's balanced salt solution 
to remove floating cells, and the analog was added, a, 
the same concentrations as in the preincubation in 
medium supplemented with 2% FBS. After 30 hours 
tne ce.is were fixed with 8% paraformaldehyde solu- 
tion at 4 C for 5 minutes and stained with Richard- 
son s stain at room temperature for 10 minutes. Migra- 
tion was quantified by counting the number of cells 
that migrated into the denuded area per microscopic 
field. The wound edge was identified bv the light ' 
scratch left by the razor blade on the surface of fhe 
well. 

Statistical Analysis 

AJI experimental data were analyzed statistical* using 
the pa,red two-tailed Student's Mest between expert 
mental group and control. 
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•Vfr : ;v >v '"^ -> DAYS v^- 

■ ; ricuiiE^r/Dose^eperiderit anrf umeKlefyeniient inhibition 
^ofretinal pigment epithelial proliferauon by varying concen- 
v tratipns of r^hydroxyproline: Cells; plated oh plastic culture 
plates, were allowed to attach for 24 hours before the addi- 
■ tion of the analog Jn the concentration indicated. This in- 
V [^#!^ f ff«£t : was abolished by Ofe addition of ^proline 
■i^^#g/mj) v «*|,the ; medium, ^ - data are expressed as a 

(f* ^ fror " * ^nijrrii ' proli ^rai:|o^ t \or^each^Tn 
vJracH cohcentratioh; ' r:: "-*' ->;■-■ -.r,.'; 

GfeU PrbliiFeratibri Assay J 

jr^y^rpxyproline jnhibitedf die proliferation of bo 
> in feHf I celIs in a doseKiependent and a time-depen- 
^?V"|anner- At 6 and 9 days, CH P concentrations of 
10 /xg/rn! or more significantly reduced the number 
of cells, but at 3 days, only CHP concentrations of 50 
and 100 /ig/ml significantly reduced cell numbers 
(Fig. 1). Inhibition dose 50 (ID 50 ) values were 47.5, 
30.0, and 23.0 /xg/ ml at 3, 6, and 9 days, respectively. 1 
In the 3 H-thymidine uptake assay, thymidine uptake by 
RPE cells also decreased in a dose-dependent manner, 
with an ID, 0 value of 60 iig/ml (Fig. 2). The inhibitory 1 
effect was abolished by adding L-proline (200 /xg/ml) 
to the medium. These findings were consistent with 
those of a preliminary study that had shown L-proline 
itself had no effect on cell proliferauon (data not 
shown). Cells cultured with the CHP became flattened 
and rounded, whereas cells in the control culture and 
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in the culture with both the analog and ^proline re- 
tained both spindle and polygonal morphologies typi- 
cal of RPE (Fig. 3). 

Collagen Synthesis 

Treatment with CHP inhibited the newly synthesized 
CDP in the culture of RPE cells in a dosexiependent 
manner; at 50, 75, and 100 /xg/mi, CHP inhibited 
CDP 40%, 70%, and 90%, respectively (Table 1). At 
concentration of 100 Mg/ml, CHP inhibited NCP 10% 
by assay with bacterial coilagenase (Table 1), which 
digests CDP into TCA-soluble peptides but leaves NCP 
undigested and thus TCA precipi table: The CHP at 
50, 75, and 100 /ig/ml inhibited collagen synthesis 
by 35%, 65%, and 87%, respectively. Simultaneous 
trea^ehi^vith proline prevented the inhibitory effect 
of CHP oh collagen synthesis (Table 1) . - ; 

Attachment Assay 

Control RPE cultures showed varying degrees of at- 
tachment depending on the substrate. Within 5 min- 
utes, 31%, 50%, and 54% of RPE cells attached to 
/;wells coated with type I collagen, fibronectin and both 
fibronectin and type I collagen, respectively. In con- 
trast, during the same periods, only 15% of the cells 
attached^to plastic substrate; with or without L-proline 

;:(Fi g ^) ; ; : .^.^.v 

1 The i^E attachment to defined subsriates was in- 
hibited by varying concentrations of CHP (Fig. 5). 
j o^Hydroxyproline inhibited the number of cells that 
attached to the plastic plates in 

: a dose^ependent-manh^ 
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CONTROL 0.1 1 10 50 100 100 ♦ 

L-prollne 200 

CIS-HYDROXYPROLINE CONCENTRATION (ug/ml) 

FIGURE 2. Dose response curve of the inhibitory effect of cis- 
hydroxyproline on 3 H-thymidine uptake. Data are expressed 
as a mean ± standard deviation (n = 12). Asterisks indicate 
a significant difference from the control of each concentra- 
tion (*P< 0.05, **/>< 0.01). 
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HGURE 3. Photomicrographs of os-hydroxyproline (CHP)-treated retina! pigment epithelial 
cells aft v 3 qays. (A) Control (original magnification, X56); (B) 100 //g/mlof CHP (oriKinai 
magmficauon ^C90); (C) 100>g/ml of CHP plus 200 ^g/ml of ^proline; (original mignifi- 
caUon,,X56). The cells in decontrol culture and culture with CHP and ^proline exhibited 
typical spmrJle or polygonal shapes, whereas the cells in the culture with CHP h^d a flattened 
rounded shape. The cells in the control and CHP plus /.proline culture nad reached 
confluency, whereas cell proliferation in the CHP at 100 /zg/ml culture was inhibited 



inhibitory effect was attenuated by adding /^proline 
to the medium (Fig. 5, open circles). L-proline (200 
/ig/ml) alone had no effect on cell.' attachment (data 
not shoWn). Prior coating of culture plates with collaV 
gen or'fibronectin reduced the inhibitbry effect of 
t^F ph cell a 

collagen did not show the inhibitbry effect of low 
doses of CHP « 1 00 >g/ml) on cell attachment! ^ 
whereas at high doses of CMP (^200- //g/rnl); the 
collagen-coated plates exhibited only a modest inhibi- 
tion of RPE attachment (Fig. 5, filled triangles) Cul- 
ture plates coated with fibrohecun showed partial in hi- 
bidon of attachment by CHP; m R)0r206/ and 400 
/ig/ml, CHP inhibited the attachment 18%, 25% and 
30%, respectively (Fig. 5, filled squares) The culture 
plates coated previously wjth both collagen and fibro- 

■ TABL^ji|Efiects of CHP on ' 
Synthesis of Collagenous anclvlOK ; [ T'£((' 
Noncollagenous Protein by RPE?CeIl ! ^ 



nectin completely blocked the effect of CHP on at- 
tachment, even 3 tjiigh doses, of CHP ;( Fig. 5, filled 
circles). -.--..■,>...,.■.,... TV, 1 /. 

Cell Migration Assay-' ' V V./- . V"'"'' : 

n5.Hydrbxyproline • inhibited- the -/ rnigratibn /pi RPE 
cells in toVthe rJeniided area in a dose-dependent man- 
ner. Addition of CHP at 50 ^g/ nil inhibited migration 
by 38%, -whereas CHP at 100 pg/ml inhibited migra- 
tion by 72%. Simultaneous treatment with ^proline 
(200 /ig/ml) blocked the inhibitory effect of CHP on 
migraubn (Figs: 6; 7); • ?. /V.. ; ., ^ .,. a ; > ..,.; :, ., 

DISCl^SIOISJ- -'^ " V ; V ■ ; -/--" 

In certain pathologic conditions, RPE cells have been 
shown to produce excessive amounts of extracellular 



CHP ( ng/ml) 



CDP 

(cpm/fig 

protein) 



figprpteih) ■ 



Collagen 
Synthesis; 

(%) \ 



0 (control) 
1 

10 

50 

75 
100 
100+ 

irproline (200) 



384 ± 12 
393 ± 13 
360 ± 10 
235 ± 17* 
117 ± 1 1* 
40 ± 60* 



2730 i 13 
2645 ± 70 
2613 + 94 
2634 ± 64 
2558 ± 61 
2434 ± 89f 



3.1 ± 0.2 
3.3 ± 0.1 
3.0 ± 0.2 

2.0 ±0.1 + 

1.1 ± 0.2* 
0.4 ± 0.1* 




424 ± 58 2829 ± 146 3.3 ± 0.4 



Results are mean ± SD (n = 5). 

rnp " ^. h y drox yP™ Iin ^ = retinal pigment epithelial; 

pmfein gCSUblC Pr ° tCin; NCP = nonco »^"«'« 

* P < 0.001 vers,.* control; f P < 0.0* versus control; ; P < fl 0| 
versus control. * 



* n&rw.*jc«n (tOOpoftnl) 

FIGURE 4. Attachment assay using culture plates coated pre 
viously with type I collagen or fibronectin or both. Control 
retinal pigment epithelial cultures showed varying degrees 
of attachment depending on the substrate. Results a> c given 
as a mean ± standard deviation {n = 9). The aster-sks indi- 
cate difference from the plastic substratum (*P < 0.05, **P 
< 0.01). /.proline <200/£g/ml) added to the medium' had 
no effect on cell attachment. 
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1 oo 



1000 



C1S-HYOROXYPROLINE CONCENTRATION frig/ml) 

figure 5. Inhibition of retinal pigment epithelial attach- 
ment to defined substrates by varying concentrations of cis- 
hydroxyproline; Cell attachment is normalized to control 
values (100%) for each substrate. Each point is a mean ± . 
• •standard deviation (n = 9): the asterisks indicate a signifi- 
cant difference from the control culture (*/>< 0 05 **p< 



• matrix material." collagen and 

glycoproteins by RPE cells may be Important in the 
pathogenesis of PVR. Administration of low doses of 

: i^^r?kyproline (CHP) has been shown previously 
to teduce collagen deposition in the tissue of several 
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L-prolIn* 230 

CIS-HYDROXYPROLINE CONCENTRATION (»ig/ml) 

figure 6. The inhibitory effect of varying concentrations of 
ru4iydroxyproline on retinal pigment epithelial cell migra- 
tion. The migration of retinal pigment epithelial cells was 
measured as the number of cells that crossed the wound 
edge. Results are given as mean ± standard deviation (n = 
6). The inhibitory effect was reversed by adding L-proline 
to the medium. The asterisks indicate a significant differ- 
ence from the control for each concentration (*P< 0 05 
**P<0.01). ' ' 



• FIGURE 7. PKotomi^d^aphs of retinal pij^ent epithelial ' 
migration (Dulbecico's modified Ogle's medium with 2% 

• fe ^ seru ni). Arrows indicate the original wound 
edgeJ Cells were Jfixed and stained with Richardson's stain 
30 hours after wounding and treatment. (A) Medium only 
(coritrol/original Magnification, X29); (B) ,100 /eg/ml of]" 
n>hydroxyprbline (original magnification, X28). 

animal models without pro^ucm^tpiicity.^ 

on aortaKierived cells in vitro showecl that incoipor^liv 

tion of CHP into protein did;not ha^ thpS| 

synthesis, and secredbn of elasrin^ 

procollagen molecules wer^ 

can have a specific effector 

■ secretion in vivo, and in. vitro;. [ .^V^- 

We showed that CHP, a proline analog, inhibited 
proliferation, collagen synthesis, attachment* and mi- 
gration of cultured bovine RPE cells and that these 
effects were abolished by adding L-prolirie to the me- 
dium. The cells cultured with CHP exhibited a flat- 
tened, rounded appearance, whereas the cells in the 
control culture and in the culture with both the analog 
and L-proline retained a spindle and polygonal shape, 
suggesting that c Uular attachment, motile activity, or 
the cytoskeleton had been altered by this analog. 

These findings indicate that the continuous produc- 
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tion of collagen may be required for the attachment 
and proliferation of RPE cells/ 2 although it is possible 
that the structure of some noncollagenous protein 
such as fibronectin, which also is essential for cellular 
activity, may have been altered in the presence of the 
analog. 

In our experiments, the effective dose of CHP is 
approximately 50 Mg/ml. This dose is higher than that 
required for skin fibroblasts 21 hut is lower than that 
required for tumor cells. 43 Fibroblasts accumulate 
greater amounts of collagen than do RPE, whereas 
previously studied tumor cells appear ^ accumulate 
less. Thes' results suggest that;^*^^ 
lated collagen may correlate dir^^^ 
ity of the cells to CHP. The:;i^^^^H^;pn ;tell 
proliferation appeared to be^e^^ 
bation period. Low Concentr|ti^|^^ 
ml) did not inhibit thymidine^u^j^ 
at 48 hours but reduced cell number only alter 6 or 
9 days of incubation. Because the incorporation of 
■ f ^proline is inhibited by CH^depejtfing: on r the 
length of the incubation perio^ou^ 

in a 

Lldv v l( >wer doses ^I^HEpTObkSfenii V r 

-rWHiWted the attachment of ci^^^^^J^ ! 
>- turn out had no effect on thi^^g«S^ 
^l!agen<oated plates. This c&^M^^p^^ 
by the finding that addition of «c^^JSii^g'. > 
matnx to the culture plate can; reverse; the effects of 
v v C^HP pn RPE cells and supportsthe n^tihn: that collar 
s/v.gen plays an important role in ^E celi attachment^ v 
; When high doses of CHP (200 and 400 /ig/ml) Were 
:^ e &^ n S the culture plate With ^ a ? collagen matrix 
only partially revened the effect of the CHPJ However 
\ this effect was stronger than that produced by fibro^ 
"^coating alone. Even at the highest doses tested,' 
^ffi^^l*t «ll attachment to culture plates 
^f e ^ ^°V sl i^ b «th fibronectin and collagen. 
L:BS?^ ala ; su gg^ that although CHP had pro- 

^^ ^ CtS ^ DP ' it a i so had a significant effect 
^ ^t^ a ^ conG ?PW a tions of 100 /ig/ml and above 
■v.,0?^^?;-F^^;*ai atihigh doses of CHP, the 
presence of defective collagen containing CHP within 
the .cells could have an effect on the metabolism of 
other proteins that participate in cell growth such as 
nbronectin. Similarly, high doses of CHP inhibit tu- 
mor cell proliferation, even though the tumor cells 
may not require a collagen substrate for growth. 43 This 
conclusion is supported by the finding that CHP (200 
Mg/ml) decreased the secretion of laminin and he- 
paran sulfate proteoglycan, as well as collagen types 1 
and N in Schwann cell cultures. Proline analogs 
are incorporated randomly into all proline-containin R 
proteins, replacing the same proportion of proline 
residues in COP and NCPs. Alihough we did not deter- 



mine whether CHP<ontaining NCPs retained biologi- 
cal activity, the known influence of proline residues 
on the secondary structure of polypeptide chains iu 
suggests that proline analogs might alter the confor- 
mation and thus the activity of important NCPs. 

Cell migration also was inhibited by CHP. Simulta- 
neous treatment with L-proline blocked the inhibitory 
effect of CHP on migration, suggesting the continuous 
production of collagen may be required for RPE cell 
movement. It was not determined whether a reducuori 
in cell attachment in the presence of this analog de- 
creased the migrator)' activity or whether attachment 
and migration were attenuated indej^hdenil^ 
■'analog..., ' '^t^^^^ r ' : - 

In conclusion, we have shown tn^i^HP^i^i^.. 
dependent inhibition effects on prbliterau^ 
gen production, attachment, and -ijftig^^ • 
cells in vitro, the results suggest uiat^i^ 
lion plays important direct or indirect roles" in these 
processes and that this proline analog may have poten- 
tial clinical use to inhibit these RPE functions^that are 
critical to the development of PVR. h^llr^ 
to detemine the safet) of this dnig^in ; the ^;ahd ibi 
effects ohi in \iVo PVR models. .- ^ ^ : - ^ 

attachr 
tion, proiifei 



n, proliferative vitreoretinopailiv'' - ^^^1^^;? 
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